the market capitalisation and price weighted indexes are based on the concepts of modern portfolio theory and were seen to be the most efficient indexation methods. However, Arnott et al. (2005; have challenged this idea by introducing the fundamental indexation methods that uses five fundamental factors, which are sales, book value, revenue, cash flow and employment. Empirical studies have shown that fundamental indexation has a value and small cap bias (Kaplan 2008 , Hemminki et al. 2008 , Hsu et al. 2006 , Blitz et al. 2008 , Estrada 2006 , Chen et al. 2007 , Siegel 2006 , Mar et al. 2007 and Blitz et al. 2010 . However, it is not clear if this indexation method clearly outperforms the market capitalisation or price weighted methods. Advantages of the price and market capitalisation methods is that they automatically rebalance themselves as the price of each stock within the index changes, though the disadvantage is that they are seen to overweight overvalued stocks and underweight undervalued stocks. On the other hand, fundamental indexes need to be rebalanced at regular intervals and seem to have a value and small cap stock bias compared to price and market cap weighted indexes. Mar et al. (2009) analyzed fundamental indexation using ASX price data for the time period 1996 -2005. However, they find that the fundamental indexation method performs better than the market cap weighted indexes mainly due to the value tilt in the fundamental indexation technique. They argue that the presence of a value tilt signifies that this method may not be a more efficient indexation method. Basu and Forbes (2013) state that based on an empirical study on five-year rolling basis Australian stocks show a greater out performance of the fundamental index compared to market cap weighted index even when considering the value, small cap bias and higher transaction costs.
Equal weighted and risk weighted index methods are the other alternative to the price, market cap and fundamental indexes. Equal weighted indexes provide the same weight to all stocks within the index regardless of their riskreturn profile. However, this method is seen as a 'take profit' approach as stocks that increase in value are sold to bring them back to equal weight and the opposite occurs with the stocks that fall in price. A disadvantage of the equal weighted index method is that it requires rebalancing at regular intervals and has a high tracking error to market capitalization indexes (Bernartzi and Thaler 2001 , Windcliff and Boyle 2004 and DeMiguel et al., 2007 .
While, equal weighted indexes have been used for equity indexation, risk weighted indexes are another index method that has been developed over the past few years. There are a few different types of risk weighted indexes that look at reducing risk through diversification. Risk weighted indexes that have been developed are minimum variance (MV), equally weighted portfolio, maximum Sharpe ratio (MSR), most diversified portfolio (MDP), equallyweighted risk distribution (ERC) portfolio and semi-variance portfolio (Demey et al. 2010) . Risk weighted indexes like the risk cluster equal weighted index is similar to the equal weighted index except that the stocks are segregated into clusters based on their risk level, where each risk cluster has an equal weight in the index. An example of the risk cluster index is the QS Investors' diversification based index that weights risk clusters based on country and sector associations (Chow et al. 2011 ).
Other risk weighted indexes like minimum variance and mean variance optimization index methods intent to reduce or optimize the volatility of the portfolio respectively in line with modern portfolio theory. A major disadvantage of such methods is that they are hard to calculate due to the high dimensionality of the covariance matrix that is required before stock weights can be calculated for this index. Though, based on empirical studies, it has been seen that the minimum variance index outperforms the market capitalisation index in a falling market, but lags in a rising market (Haugen and Baker 1991; Clarke, de Silva, and Thorley 2006; Chia et al. 2011) . On the other hand, Choueifaty and Coignard (2008) developed a risk weighted method that utilises the Sharpe ratio in order to find the weight of these stocks within the index. While, Amenc, Goltz,Martellini and Retkowsky (2010) develop a competing index method that weights stocks utilizing returns and semi-volatility. Their justification is that investors are only concerned about falling stock prices, as a result only negative returns and semi-variance should be considered when developing an index. Advantages of the risk weighted index methods is that they assign stock weights based on the risk-return trade off compared to an equal weighted index method that does not consider such factors. Also, these risk weighted indexes perform well in falling markets as they either have stocks that have lower variance or have higher diversification.
We have briefly discussed price, market Capitalisation, equal and risk weighted index methods and each of these methods have advantages and disadvantages. In general, price and market cap weighted indexes are seen to overweight overvalued stocks and are not seen as the optimal indexation methods. Fundamental indexes on the other hand are seen to be value and small cap biased and there is competing evidence if this index method is superior to the price and market cap weighted indexes. Fundamental indexes are also seen as an index method that generates a higher alpha due to the value and small cap bias. In comparison, risk weighted indexes concentrate on risk reduction through diversification. The intent of this paper is to introduce three new index methods called the risk weighted alpha, treynor's square index and appraisal ratio indexation, that identify stocks which have increasing returns and lower volatility using the ASX50 index. These methods re-weight stocks in the ASX50 index based on the risk weighted alpha, treynor's square or appraisal ratio of that stock. The next section provides an explanation of the risk weighted alpha index, treynor's square index and appraisal ratio index construction and then it provides examples on how these methods can be applied for index construction. It also shows that the risk weighted alpha method is a better method than the market cap and price weighted ASX50 index and the other two new methods (treynor's square and appraisal ratio ASX50 indexes).
Risk weighted alpha index construction for the ASX50 index
Risk Weighted Alpha (RWA) index method intends to provide higher weight to stocks that have higher returns and lower variance. In order to achieve this it uses Jensen's alpha to identify stocks that provide higher actual returns compared to their expected returns when considering systematic risk as derived by the capital asset pricing model. However, it is important that we find risk weighted Jensen's alpha, as some of these stocks may take on higher risk in order to provide a higher return. As a result, the risk weighted Jensen's alpha will identify stocks that provide the highest alpha per unit risk. The following formula explains the risk weighted alpha index method:
Where,
Two alternate approaches would be to use Treynor's square and the Appraisal ratio to develop an index. Formula for Treynor's square is simply stated as Alpha/Beta for the stock. This measure intends to analyse risk adjusted performance and assumes that a stock with higher beta should also provide a higher alpha in order to cover for the higher systematic risk.
In comparison, the Appraisal ratio intends to find the risk adjusted alpha is stated as alpha divided by non-market volatility. Where, non-market volatility is calculated as: square root of stock.
Effectively, once the risk weighted alpha, treynor's square and appraisal ratio are obtained, this model assigns index weight to each stock based on this value. As it re-weights the ASX50 index, it is possible that some stocks have a negative risk weighted alpha. As a result, these stocks will have a negative index weight, which would mean that the investor should short these stocks as they do not provide sufficient return compared to the risk associated with them. It is also noticed that stocks with a positive risk weighted alpha over a significant period are those stocks that have consistently increasing stock prices over time with lower stock price volatility. It also compares the performance of the risk weighted alpha with the Treynor's square and Appraisal ratio. This paper uses the ASX50 index as an example in the next section in order to explain the risk weighted alpha index method. Financial data used in this paper was obtained from the Thomson Reuters Tick History database using daily price data for the ASX50 index from 2 nd January 2002 to 31 st December 2012.
3.0 Performance characteristics -risk weighted alpha and ASX50 index ASX50 index is a market capitalization weighted index comprised of the top 50 stocks listed on the Australian Stock Exchange. This paper analyses if the risk weighted alpha, treynor's square or appraisal ratio method will provide superior return and lower variance by re-weighting the stocks in the ASX50 index. Performance of the risk weighted alpha against the market cap weighted ASX50, treynor's square and appraisal ratio indexes are provided below: Table: 01 (B) Performance -Treynor's Square Index Table: 01 (C) Performance -Appraisal Ratio Index
We notice that the index return for the risk weighted alpha (246.20%) and treynor's square index (255.09%) methods is higher than the market cap weighted ASX50 and the appraisal ratio based method (232.62%). The reason for the higher returns is that these methods weight stocks with higher alphas per unit risk. If stocks consistently provide higher alpha per unit risk over an extended period of time, then these methods provide a higher weight to that stock in the index. Existing methods do not specifically weight stocks based on their alpha. Though, only high performing stocks will consistently be able to provide a positive alpha per unit risk over an extended period of time. If a stock however does provide a higher alpha, but it also has a higher level of volatility in its returns. Then, it is unlikely that this stock will be provided an above average weight due to the higher volatility.
Let's look at the profiles of the best and worst performing stocks in each of these methods (see graphs below). Using the risk weighted alpha index method; data shows that the Oil Search stock performed well as it had a higher risk weighted alpha. If you notice the graph below, the stock price has steadily increased from 2002 to 2013. On the contrary, the worst performing stock in the risk weighted alpha index was Qantas, and the graph below shows that the stock price had high volatility over the sample period (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) and the stock price is less than half of what it was in January 2002.
Given the figure panel A, Now, let's compare the risk weighted alpha graphs with those provided by the treynor's square. Santos, Newcrest mining, Origin energy and Iluka resources are some of the stocks that have a high weight in the treynor's square index. On the other hand, if you notice that Newcrest and Iluka have sharply decreasing returns, however they still have a high weight in this index. The reason for this higher weight as it averages the alpha against the beta for each stock over the sample period (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) , which means that this method does not pick stocks with increasing returns and lower volatility. Instead, it picks stocks that will provide the highest alpha and if the portfolio is sufficiently diversified as in the case of the ASX50 index. Then, this portfolio will provide increasing returns as the unsystematic risk gets mostly diversified. In comparison, you can see the Intec Pivot stock price graph below, as this stock has a lower weight in the treynor's square index -primarily as it's average alpha compared to its systematic risk is lower than the other stocks in the ASX50 index.
Journal of Economic and Financial Studies. Page 5 On the other hand, if we compare Westfield group's stock price graph (provided above) that is one of the worst performing stock in the appraisal ratio index compared to the Qantas stock price graph (provided earlier) that is the worst performing stock in the risk weighted alpha index. You will notice that the Qantas stock has much lower volatility compared to the Westfield stock. The advantage of using the risk weighted method is therefore to choose stocks that have increasing returns and lower volatility, while the other two index methods (treynor's square and appraisal ratio) are less likely to identify such type of stocks. The reason we need stocks with increasing return and low volatility is to reduce the need to rebalance a passive index more frequently. The risk-return characteristics of these indexes is provided below. So, why does the risk weighted alpha index perform better? It intends to weight stocks that have stable and increasing returns with lower volatility, which is ideal for a passive index. Based on the risk weighted alpha (see table above), some of the stocks with negative risk weighted alphas should not be part of the ASX50 index for this sample period as they have substantially underperformed.
Ideally, an index should have stocks that represent an efficient portfolio, which means that other portfolios should not have a higher return or lower risk than them. As a result, it seems that the price or market cap weighted index may not perform as well as the risk weighted alpha index within this sample period (2 nd January 2002 -31 st December 2012), as the risk weighted alpha index has lower risk and higher return than the ASX50 index. Effectively, the risk weighted alpha index should only have long positions, as these stocks would have the highest risk weighted alphas. However, as this paper was comparing the ASX50 index weights with the risk weighted alpha index method, based on the risk weighted alphas it seemed that some stocks did not provide sufficient return in relation to their risk unsystematic risk. The risk weighted alpha index is designed to be a long only or long/short index and is based to improve investments into stocks with increasing returns and low volatility. While, we have intended to develop the risk weighted alpha index as a passive indexation method, regardless, it is possible to use this method in high frequency or algorithmic trading as this method automatically calculates risk weighted alphas for each stock at every time the weights are recalibrated.
Conclusion and policy implications
This paper has introduced the risk weighted alpha (RWA) indexation methodology for index/portfolio construction. It argues that stocks with superior risk weighted alpha will have lower volatility and increasing returns. Risk weighted alpha is calculated as Jensen's Alpha divided by the standard deviation of the stock. Analyzing the stocks that comprise the ASX50 index and re-weighting these stocks based on the risk weighted alpha indexation method, it was seen that the risk weighted alpha index provided nearly five times the return with approximately the same systematic risk as the ASX50 index and it is less volatile than the treynor's square and appraisal ratio indexes through the duration of 2 nd January 2002 -31 st December 2012.
